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I would 1ike.to address myself to four questions related to this topic
(1) Does science education have a model of/for research? (2) Is a model

necessary? (3) How do we go about ronstructing a model? and (4) What

a

criteria do we use in evaluating the model? e

&
L]

If one looks at the frequency of the word "model" in the titles of
" current articles, one can think of few more popular words. '"Model" seems
to have replaced words like; cognition, concept, process, and theoretical

on the "Words to Use List", Weinstock reported "an almost unlimited use of .
1

models for the develapment of theorv on the part of the educational recearch_

Even a word in such common use by people as ourselves may need a little

clarification. 1In the Handbook of Research Teaching, Gage discusses

paradigms, models, patterns, and schemata as being the same thing. These

things (models, paradigns, etc.) "are not theories; they are rather.ways of .

“ \

- thinking or patterns for research that when carried out, can lead to thé“n
development of theory".2 According to Tyler, "Theory is the all embracing.end .

of basic research in seeking to provide a comprehensive map of the terrain of

. . 3 . .
science education."”™ Tyler continued by stating that: [

""Concepts are the smaller areas which comprise the-total map or to
put the metaphor in another way, the complex of science education can be
understood more readily by considering the concepts as major parts of the
whole, and studying these parts in greater detail than is possible with
the total,"3
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.ssModels are the outlines of the dynamic rc¢lationships which help to

explain the process as an active one rather than as an anatomical structure.
The concepts and the'dynamic models furnish the map which we seek in order

to understand the factors involved in, apd the processes of science education.
They form the major part of the theory."”™ -—

The use of models and systems anélysis has been a widely used tool

by the military, the space program, and many engineering fields. Récently

it has come into vogue in education. The injtial fesponse to most new

things (systems analysis included) is quiteroften dichotomous, eithef:you

love it or youvhate;it.w_With time educatgrqiﬁill likely come to reali:z

that this technique can be of some assistance with some problems and of little
help with other proBlems. At this stage in our model development, it might be
valuable to at least consider how a syétem approach could be helpful. Hill's

Phi Deltn Kappa fastback entitled How Schools Can Apply Systems Analysis

presents a good overview for the person uninformed about this topic, as well

.
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at the iconic, analogue, and formal symbolic levels, the majority of models

this author reviewed utilized the analogue level of prbsentation.‘ In most of
' |

the models, the major variables and their rulationship$ are represented in
some graphic or outline form. The generalized components of these models

usually include: input, process, output, and feedback.
o ‘

1

,:7 Process i §> Output

Input

.( Feedback
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Hill's analogue model of systemic analysis for education sdggests that

systems analysis efforts thus far in education are oriented toward

solving a specific problem. An article in The Sciencé Teacher by Jesser
stresses the process nature of systematic planning which includes three
basic phases; analysis, planning and design, and implementation and
evaluation. Maybe such thinking could be productive when one thinks of
the science education profession taking an active role in planning its
research efforts.5

Having presented a brief discussion of the word "model" and its
" place in research, the first part of this talk will be concerned'with a
brief sketch.of the early efforts as well.as tgé present state of developmeﬁt
of science education research models, A study of science educ;tion research
reviews should givé some insight to this issue. A récent article by Voelker
and Wall illustrates the monumental ambunt of science education research
reviews compiled in the last 50 years 5; so.6 Ilselected some of what I
viewed to be the most widely distributed and comprehensive reviews for
my consideration in preparing this talk. Whiie more information may‘be
.ob;ained by considering a broader section of these reviews, I bélieve the
same comments would be forthcoming.

Through the years from the first Curtis Digest (1926)7 to the 1972

Welch8 and Gallaghergreviews in the Journal of Research in Science Teéchiﬁg .

(JRST), an increasingly complex picture of science education research

gradually emerged, This may be a function of an increase in the amount of
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research accomplished, sophistication of research techniques, an increase
in the assimilation of other research field's developments, or any number
of these and other reasons. The Curtis Digests categorized science
education research studies as to level (elementary, 5igh school, etc.)

" and subject (biology, chemistry, etc.). Through the years additicnal
research concerns were added to the reviews, such as; sciencélﬁeacher
education,lobjectives, methodology, and evaluation. The NEA "What
Research Says to the Teacher' series published separate volumes on
élemertary school (1957)10 and high school science '(1956)..11 The ERIC
Center for Science, Math and Environmenfal Educatiﬁn produced analysis of

science education research separately for The Science Teacher (secondary

level) and Science and Children (elementary level) in 1969, One of the

two Science-and Children (S & C) articles was devoted to instructl onal

12 . . . 13
procedures, the other to teacher education in science. = The three

. s 1
The Science Teacher (TST) articles were devoted to instriuctional procedure,

outcomes of instruction%sand teacher educatiqnoléThis separation between
elementary and secondary has continued through the present with the Welch8
(secondarxdgeVel) and Gallagherg(elementary level) reviews supported by
ERIC and published By JRST. |

A further division was accomplished by the authors of the Review of

Educational Research, Oc;ober 1969 issue on science and mathematics education.
Tlie separate sections (Learning Studies, Curriculum Development, Evaluation,
'Foreign and Internatioqal Program, Philosophic and Historical Bases of Science
o Teacﬁing) reflect trends in research as well as the influence of the NSF
curriculum projerts. Many other interesting trénds (increased emphasis . and
Secreased emphasis) could be observed by a closer look théﬁ what is discussed

here, such as; instruction via filmed media, computer-assisted instruction,

o ~boratory instruction, and many others.
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However, the author perceiVes.that almost alll:he reviews cited hefe
are based on category systems or "post-hoc'" sorting rather than being
.baséd on some model established priér to the research. One exception to
this was a "Mod;l of the Instructional Sequence' developed in the Ramsey
and Howe article in_§_§_§%3 This modeljincorporated pupillcharacteristics,'
teacher charactegisticg, objectives, instructional procedu;es, and
evaluation. Unfor&unately this model didn't appear to be used in the
article.

The ten categories used by the ERIC Center for their series of
bibiiographies may have ‘been based both on past categories of research as
well as some underlying.model. However, I have never heard sr read of.any
attempts to communicate the model, beyond the listing of ten categorieé.
Ralph Tylerhas an article in JRST described 11lareas that he thought should
be the foci of science education effortsa3 Héwe;er, Tyler didn't formaliy
relate the 11 areas to oneLé%other in the termsof a model,

The categories of papers and symposia presented at NARST could be used-
as the unit of analysis as well as research reviews. The authof‘anﬁlyzed
the 1as; seven NARST Programs.wbich,generally confirmed the trends énd
comménts made éarlier in this paper. “

.Pella states that "A priwmary coacern is any area of étudy is with a
théory of kdowlédge;";s He went on stressing that "knowledge_is possible
only when we recognize reflected patterns or characteristics in Qur per-

18 ' .
ceptions."” "~ When such concepts are indefinite, the best one can do is to
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describe relationships. _Pella’fglt thﬁt this is where science educétion
was in 1965, Has it progressed further by 19737 The future directions
suggested by Pella were to form a set of adéquate operétional definitious,
coustruct propositions with an empirical base, genepalize from.géthered
data, and finally develop a theoretical sturcture, These steps seem to
follow in a sequence or heirarchy, Pella_strfgsed'the need to work toward
the development, for sc;ence_education, of a theoretical or conceptual
structure essentiél for fundamental progress.

Adcording to St. John, "Science ed;cation lacks a viable theory, I
believe, namely because its present théoretihal framework (to the extent
that‘ﬁhere is one) is based upon common sense".19 This criterion of common
sense is "a highly restrictive one and one that has leng since been abaqdoned
by the theoreticious in the natural sciences."IQQSt. John suggestéa~tﬁét
the common sense criterion will be repiaced only when better,rmore useful
theories are devéloped.' J

Similar ideas were discussed By Glasg. He claimed that "If it takes a
lafge amount of money or mental effort.to purchase practical educational

|
vknbwledge, then the schoolman's need .for it will drop to zero. He can

and does readily substitute folklore, rhetoric, and tastimonialslfor the
more costly commodity."z_0 Ebe; argued that the common sénée criteria is used
beqause "the things tha;ﬁgxperience has taught us about educatian... are

far trugr on the whole than mo;tfof the new things that one reads under

) » , : 22
the heading of 'News from tle Researcher Frontier'".
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écording to Watson, Mthe most serious criterism of much of our
rése‘rch is the common absence of any theoretical framework within which
the particular investigétion, however modest, is mad\e."21 Thus, we h#ve
parFicui;i”;g;ﬁlts, but "little bases on whichto transfér:this to other
contexté."ZI This situation, Watson states, leaves. the reader without’

1"

a "meaning system'. In a similar vein, Hurd stated that "A much neglected

factor in science education is a theor& basé."24 This lack of education
theory keeps us fromﬂever’seeihg the "whole" af our enterprise.

Glass suggested‘ghat "eduéational chaﬁgeis so chaotic because
innovations are nol based on scientific knowledge."20 This problem would
perhaps diminish if education rested on a foundation éf ;eliable, basic
knowlédge of the ceaching~1earning.process.
nett ctatrad that "The literat d d

r2 has not deepend

ad enrich

WD
34
[} )

because we who should have been doing the theéry development and experimenting

have not grown up very much. In many cases; Qe merely use'dgfferent words

to report discussions or®to investigate problems that were carried on in

investigations decades ago.'.'23 i
The author feels that presently the only model that exists for science

education research is a model that is formed by the classification of like

studies (along selected diﬁensions) into groups and the subsequent 1abélling

of these groups‘by the attribute they have in common. :While such a model

is usefulhto.descyibe what has happened, it is of limited vaiue to interrelate

studies from other fields, help guide further studies, and other necessary‘

functions.
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fhe second big qqgstion I would 1ike.to address myself to is...
"Is a Model Necessary?" | |

Thg value of models in thé development of modern science was cited
by Novak. He suggested that "Alchemy might have persisted until today
if a model of an atom has r .t been devised ané subjected to experimental
tests."25 Perhaps an anology can be argued bgtween alchemy in séience
agd common Sense in education. If that analogy is valid, it is.clear how
important models are to science education researchers. Novak continued
suggesting "it is likely that substantial advances in education would
result if we could develop models of 1earﬁing that have'equivalent and
hltimaté pfactigal valde."zs He concluded that "edﬁcahional research
must be based on the~contr£bution of nodel systems which can be submitted
t; test."25 | . :

Models can be with ﬁnpiicit or explicit; some are set forth by their
authors in full detail, with diagrams-and elaborations‘while others are
implicit in &hat the auﬁhbrs havé done or proposed by.Way of research.
While implicit models may be very satisfactory forlthé re%earcher Qho has
carved out his niche and is busily researching, it seeés Ehat»an explicit

"model wouid be useful for planning research and communicating results,
horizontally to other_educationél researchers and‘veétially to séience
Eeachers, supervisofs, and curriculum developers. Tyier'reminded us that
|l'l/'node.lvs mqét not only simplify complex phenomena, they must provide a means
for explaining and predicting the variation and regularities observed in the

phenomena."3
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According to Gage, '"'Our concern with theories and paradigms is
therffore aimed at furthering more systematic and/orderlylapﬁioaches to
‘the formulation of the variables and hypotheses that enter into research
on éeaching. We urge no movement away from facts; It is merely the
ill-considered collection of facts against which we argue."2 A major
advantage of a research model is to further a more systematic and drdefly
approach to the formulation of the_variaﬁ.es and hypotheses tha t enter
into science education reseagch. This would be faf sﬁ;érior to the |

\ i
present isolated accumulation of ungenerélizable researchi data. This
model could aid by showing areas in which research is necessary or where
inconclusive results suggest the replication of studies or cross=-validation
via other variables in the establlshed network.

Gage suggests. that even hif paradigms are not useful in discovering
éﬁnew truth; they may at least bé uéeful in communicating it so the
recipient of the communication may then find the paradigm serviceable in
his own work."2 According to Hurd, "We (science educators) have a proféssional
responsibiiity to find ways to bridge the gap between the product of research
and the life of the classroom, and t; coordinate research with operating
programs within the school."24 Research models could be indiépensable to
a thorough comﬁunication system, '

When a research model exigts,la researcher can choose some part of
the model for any given effort, but the model remains in the background,

providing the framework, or the sense of the whole, in which the project is
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embedded., Already in sciencg education rescarch, the amount and variety
.of research is almost ovérwhelming. Atkin described the situation like
this ~ "We seem to be laboring with a type of reductionism in which it
is very difficult to put the pieces together."26 He called for a swing
of the micro-marco pendelum back toward the macro. Several science
disciplines have research going on at both the "micro" and the '"macro"
extremes‘g;’the same time, e.g. biologists are working at the molecule
level and at the biome level, while pﬁysicists are investigating the
nucleus as wéll as the extremes of tﬁe universe.

Can one still be a generalist or should one even try? ' The perplexing
questioq of specialists vs. generalist is With us, Rather than attehpting
to solve this age-old problem, let it suffice to'say that a model could
aid in tieing individual research efforts to tﬁe whole, as well as, seeing
how other research (science ed. or not) relate to the whoie and/or to our
research efforts. The whole of a given endeavor can equal or surpass the’
sum of the constituent parts and the whole if they relate meaningfully.

A model could be extremely helpful in this regard,‘

Lawlor and Lawlor cite the techniques used in compiling research
reviews as being represented by the phrases; voting procedure, jury method,
citation analysis, subjective'evaluation of significance or usefulness.
Certainly a model for science education research could be of considerable
value for conducting such research reviews,

‘In addition to the ba;ic-appliea dimensions, research studies in science

education have been categorized in different WAys by different science educators.
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Novak used the categories; Survey and Status Studies, Analytical Survey,
Experimental Stﬁdics, and Curriculum Research.25 Quite similar phrases .
wére used by Atkin, Status, Survey, Correlational-Comparative Experimental,
Ana}ytical Experimental, and Clinical Curricular Ré;éarch.z6 Several new
ideas were introduced by Jacabsen as he categorized research studies into
the following; Empirical, Philosophical, Poiigy, and Developmental
(formatiVe).27
Glass developed a three dimensionsal modél that aids one in describing

a research effort; (1) Generality across geography. (2) génerality across

time, and (3) applicability to specific instances of the phenomena.28

3 =lucidatory

4\ Inquiry
Product Fvaluation -
{ \\ .
.
Program
Evaluation -

A particular type of research will be located somewhere in this structure

depending its degree of generality along each of the three dimensions. The
origin of the three axes represents no generality with an increasing dezree

of generality as one moves out along any axis. While not as simple as the

L4

' three dimensional model may be useful for describing

few categofies, Glasc
types of educational-rasearch. A model of scienée education research may
similarly help clarify the nature of an individual research effort, Instead
of stifling particular kinds of research, a model on which all types of

reseacch are housed could helﬁ encourage the accomplishment of a variety of

kinds of research and suggest the symbiotic relationship among the many

i

research efforts.

IToxt Provided by ERI
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' organ claims that "the task of pfovidiﬁg for the education and

deveiipment of young people is immeasurabley more important and complex

then building automobiles and launching roc_:ket:s,"29 ‘“he enormous complexity

of Fhe educational system was emphasized by Glass as he claimed that a

lake or human heart is trivial by comparison.zs A first stef toward under-

standing and explaining the complexities of education may be the construction

éf‘a madel for researching major educational variablés.and their relationships.
Conceptual schemes are at the very heart'of the science disciplines

and some of the curriculum projects which are intended to presént an

accurate picture of'scienc;. Bruner's statements about the importance of

the "structure of a discipline” seems to be reflected by the direction of

the science curricula. If Bruner's claims about the worth of the "structure

.
. oy kvisatsina o E At anna
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should be of prime concern to géggg. The need for a model for science education
research is clearly expressed by the comment made by Glass about the direction
an eager, young scholar should pursue. Glaés suggested educational research
'

where the scholar could select a very narrow domain and.research it to
death.28 He would reapidly achieve world-wide eminence gpnfident that his
colleag;es will never devise m@dels‘or theories- sufficiently general eithér

If ﬁe don't have an adequate model fﬁr science eduoafion research and

a model is necessary, the next concern is how do we go about constructing -

such a model,
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While starting afresh with no biases and prejudices might be
desirable from.many points of view, it might not be desirable (in our
case) or even possible, There are a variety of beginning points that
oue may .

One possible technique would be. to use the acgumulatioa of past
research as a foundation and to build a structure that presents an
organized relationsﬁip among the research studies, The advantage to
this method is that it is very relevant, useful for communication, ana
easy to assimilate into our ways of.thinking, However, it may have some

‘disadvanéage in fhat it is hard ta look forward at the same time one is
looking backward. One beginniﬁg'poingkfor such a procédure might be the
model developed by Ramnesy and Howe. It contains many variable and
relationships crucial to science education research. ‘Anotlier model might
be the Génefalized Schema for Research in Teacher EffectiVehess developed

in the Handbook for Research on Teaching. This model utilized four types

of variaules; Prediction Sourcés, Contingency Factors; Classroom Behaviors,
and Criteria of Effectiveness.

Anqther ppssible tachnique to use in forming hodéE for science education
research is to look at other discipiines and see'if elements from their
model have any relevance to our needs, The science disciplines and other
education fields might be logical places to begin. The social sciences;
psychology, sociology; anthopalogy{ etc. might also be worthy of examination.
According;to Anderson, '"We would do Qell in early theory-building to appeal .

© to aiready existing theories within well-established disciplines."30 He |
qdntinues saying that "such scholarly hybridization can yield much vigor

in our discipline", however...it "must bear some relevance to the educational
30

) :
. []{i(jocess they are expected to explain.'

IText Provided by ERIC
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Belanger cautions‘that as models in behavioral science becbme
better known, '"there is a dange? that they may.be inappropriately
imposed on educatioﬁal conéexts. It is more liekly, and perhaps more
desirable, that educational research not only will develob the;r own
models to represent phe#omena of educati&n but also will adopt and refine-
what is suggestive and useful from other areas of knowledge."'31 It
seems to this author, that science education is ready for such model
building activities.

An inﬁe;-directad search might adlso be profitable-namgly a look at
what modelé for research that may exist in areas within the science .
education contéxt. For instance, science coucept learning, student
cognitive achievement, or science career selection may have eiements that
could be generalized to the broader concerns of science education réseafch.
Many areas of reseafch~éoﬁcern within science education have developed
models for their.particular component or have used a modified an already
existing model from another field, e.g. Novak's model of ,concept formation
was largely inflﬁegced By ideas from cybernetics and information theory.
Much reseérch has been‘conducted utilizing models, developed by psychologists
and other behaviorai scientists., Examples include research work on Ausubel's
advanced organizers, Bloom's taxonomy of cognitive objeétives, Piaget's
levels of lbgicgl operation, to name a few; Zhis author is not criticizing-
such excélient works but rather pointiﬁg out the need to iptegrate fhese

models and their research results to the overall science education concerns.
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Novak; Ring and Tamir contributed a valuabié service in this regard

by reviewing a large number of educational resezrch studies and interpreting
them in terms of Ausubei's theofy.32 Hurd stressés the need fof such types

of analysis and'syn;hesis of findings reported within science edﬁcatibn
research studies24 Even better than such ‘post hoc analyses would be the
apriori descriptioﬁ of a study in terms of specific parameters of a research
model.

Another way of accomplishing the first step of’such a ﬁqdel—ﬁﬁilding

process might be to plan a "Research Traiﬁing Session" oriented towarq_

the construction of models for science educati;h research. NARST Training
sessions have been supported in the past by grants from the.United States
Office of Education. If support cannot be ﬁustered for such sessions,

NARST could encourage such activitiés via pre-convention sessions, working
sessions during NARST convention, working committees and the like. This
session could be orgénized by ché-NARST membership and attended by individuals
providing a variety of perspectivés and ideas., The following éroups or
agéncies should be_represented at the sessions; NSF, USOE, State Education
Department colleges and universities, public and-private schools, Research
and Development centers, curriculum projects, the ERIC Center, NSTA, iISSA,
AETS, CESI, journal editorial boards, AAAS, NARST, SSMA and -others. Suggestions
- as how this type of session might be o?gagized would be «nhanced by an
inspection of the National Cancer Plan's P1anning4Sessions.33 The National
Cancer Research Strategy was developed via a series o¥ planning séssioﬁg
attended by a number of specialists and generélisﬁs who have considerabié
experience ip cancer research. Granted thefe are differences between sciencé

S . 1 s .
EI{I(fucatlon and cancer research in terms. of money and-facilities available,

Full Tt Provided by ERIC.



freedom to experiment, etc. But similarities are present also,-such
as; the number of variables and complexity of the tasﬂ; wide variety
Sf‘subjects, etc. The National Caﬁcer Institute 1s well aware of the
assumptions required to develop such a modél as well as the limitations,
and so is iﬁplementing the pian as an experimentél basis. Such acﬁions
seem mosc'appropriate for ; research discipline,

Much of the curfent model development has a corresponding scheratic

or graphical representation. In its simplist form, most contain the

following elements; input, process, output and feedback.

. o “ ..
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ments 2nd relationghins rzan he sddad
to make ;he model more representative of the particular phenomena it is
representing. The.fou#“elements above csﬁ%ﬁrbe a beginning point for the
application of this modél‘to a particulaé‘domian, such as science education,
MInput" data could be obtained .from a variety of sources, such as; pupii
characteristic (cognitive development, past experiences, etc.), teacher
characteristic (compet;néies, skills, behaviors, etc.), school environment
(equipment, funding, SESs etc.) and other variables, "Prdcess"wvariables
could include classroqm climate jdemocratic, uhgtructured) the instructional
material (text, audiovisualgyprogrammed, etc,)., The variety of "output"

»nvariabieslmigh£ inc1pdé sudh:things as; student cognitive achievement
(ala Bloom, Nature of Science eté.), student affectiye achievement (attitude,
inﬁérest, values; etc.) studen; psychomotor deveiopment (iab skiils, etc,)
career selection, teacher behaviors. The nature of "feedback" variable

could encompass~success, verbal reinforceﬁent, elimination of cognitive

ERIC
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disequilibrium, peer group and/or parent pressures to name a few. If
all research studies described clearly the nature of the input, process,
output and feedback components, a giant step'woﬁld have been aﬁgomplished.

Watson proposed a basic model for reseaxrch on science teaching to
be framéd around the paradigm: "X teaches Y to 2". Thus the relevant
parameters of this basic model include, the teacher, the subject matter,
the éupil, as weli as, the process of teaching.21 Quige similarly, Easley.
described three possible diﬁensions of a science education research model
t> be the teacher, the 1earner.aﬁatthe sﬁbjecﬁ matter;28 A modél for
learning developed by ‘ﬁﬁlberg suggested that 1earning wés a functionAof

. : ) .
instruction, aptitude, environment of learning, and'theif interactiéns.
~Such basic models as these could be used as a beginning point for more

detailed model building. |

While any one of the possible procedures migh; be the most logical,
approaching the problem from several perspectives by'several procédures
might be the most fruitful in the leng rune

The last, and also one of the most important, concern of mine will .
be What eriteria to use in evaluating the model I hope will be developed.
Probably the most important criteria will be itslcapability to be modified
as changes may be necessary. An inflgkiblelquel would be totally
inappropriate for our'usef A mbdel must also be useful and, in our case,
this becomes a mulgi-pronged thrust, Usefulﬁess to science education
researchersisa high priority, bdt consideration must also be given to
its potential use by others such as; othér education researchers, science
teachers and supervisors, curriculuﬁ developers, etc.’ Whilé a given.object

can't be all things to everybody, certain key elements could be a conmon
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ccncern to several of the other interested parties. Certainly a model -
éﬁould help accompiish the tasks earlier citéd as necessary reasons' for
building the model,

Margenau suggésted six requirements for the éelection of concepts
that are central to a science discipline.35 These six requirements were
suggested by Raven as being useful for selecting key concepts for inclusicn
in scienée curricula.36 Might not some‘of these requirements also be useful '
for selgcting key elements t§ include in a ﬁodel for scienca education
research? The six réquirements Qfe{uloéical fertility, multiple
connections, permanence and s;ability, extensibility, casuality, simplicity ~
and elegance. '"Logical Fertility" ''demands thﬁt the éoncept be capable of
being manipulatéd according to the laws of logic." The manipulation need
" not be quantitative. Most s;;ence concepts permit logical minipulation.
but it may be a‘ valuable criteria to use for constructing models of science
education resé;;;;: "Multiple coqnections" required that may logical
connéctions exist befwaen other.conCGpts or data and suggests t .~ ;he
conﬁections form a circular net. Such standardé allow fo; verif{cagion'
and cross-yalidation of constructs, and relationships. "Permanence and
sgability" demands that the concept be wide1y app1icab1e not just to specific
situations and that the concept can‘be pplied to both old and new»bhenomena.

!

Certainly of value to education research as well as science. The requirement
for "extensibility" demands that the concepts be capable of explaining a wide
variety of phenomena. This phrase sounds very similar to the oft-repeated

" demand for generalization'and educational research studies, The "simplicity
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and elegance" requirement demands thaf the étructure be as coﬁpise
and efficient as well és complete as posgible. If a model becomes 'too
complex, it will be of 1imited.use. Yet the components must be general
or elegant enough to subsume many of the specific facts and ideas. The
sixth requirement "“causality" may be extremely difficult to satisfy with
educational concepts in its straightest seuse. Howéver, the least we
can do is to expect consistent relationships among the concepts in
question.

o~
Many other criteria may be appropriate for our concerns, such as;
sceial significance, fuﬁure orientation, implication for classroom use or
curriculum development. The authof wourd hppe,that eriteria for evaluating
‘this.model at the same time as overall objectives are being'formuléted.
Tyler realized char “che missing map cannot be produced over night"
eeebut... "the outlining élaboration and testing of such a map seems to
be the necessary focus of our attention if we are to improve research in

this field." 3
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